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Data miningNational/ethnic mutation databases aim to document the genetic heterogeneity in various populations and
ethnic groups worldwide. We have previously reported the development and upgrade of FINDbase (www.
ﬁndbase.org), a database recording causative mutations and pharmacogenomic marker allele frequencies in
various populations around the globe. Although this database has recently been upgraded, we continuously
try to enhance its functionality by providingmore advanced visualization tools thatwould further assist effective
data querying and comparisons. We are currently experimenting in various visualization techniques on the
existing FINDbase causative mutation data collection aiming to provide a dynamic research tool for the world-
wide scientiﬁc community. We have developed an interactive web-based application for population-based
mutation data retrieval. It supports sophisticated data exploration allowing users to apply advanced ﬁltering
criteria upon a set of multiple views of the underlying data collection and enables browsing the relationships
between individual datasets in a novel and meaningful way.
© 2012 Elsevier Inc. All rights reserved.1. Introduction
Genetic ormutation databases are onlinemutation data depositories
that summarize genomic knowledge and genotype–phenotype correla-
tions pertaining, most of the time, to monogenic inherited disorders.
To date, there are three common types of genetic databases, namely
general or core databases, summarizing genotype–phenotype informa-
tion on all genes, locus-speciﬁc databases (LSDBs) for a single or few
genes that relate to a single gene disorder and national/ethnic mutation
databases (NEMDBs) that describe the genetic heterogeneity and allele
frequencies – at a summary level – of causative genomic variations
identiﬁed speciﬁcally for a population or ethnic group [1]. Since the
early 1990s thatmarked theﬁrst attempts to develop genetic databases,
the ﬁeld has witnessed a remarkable growth with such databases now
available for hundreds to thousands of human genes (sometimes with
more than one database per gene). However, the genetic database
ﬁeld suffers from a number of serious deﬁciencies, such as data content
heterogeneity, lack of datamodels, ontology options etc. [2]. Also, there
is an urgent need to create links between genomic databases withInformatics in Management &
nological Educational Institute
Ktiria, GR30200 Messolonghi,
rights reserved.databases reporting phenotypes and clinical conditions so that genomic
data become meaningful [3]. Most of these needs are currently being
addressed by several consortia, such as the GEN2PHEN [4], or the
Human Variome Project [5], to name a few. Among the identiﬁed deﬁ-
ciencies is the lack of standardized data visualization tools that would
allow for more efﬁcient assessment of the data stored within these
repositories and thus drawing more useful conclusions. A thorough
domain analysis has indicated that very few LSDBs (13.5%) showmuta-
tionmaps and few can provide graphical projections, includingdynamic
graphing tools, depicting the location of variations throughout the
gene (or protein) sequence [2]. The VariVis tool has been previously
described for LSDBs data visualization [6], which has been implemented
in the SERPINA1 LSDB [7], while the MUTbase-based LSDBs have
employed a built-in visualization tool [8].
Currently, there is no such data visualization and querying tool
employed for NEMDBs [9], which would allow comparison of causative
genome variation allele frequency data among different populations. To
this end, we are experimenting on various visualization techniques
aiming to bridge the gap that is currently open by other related data-
bases. Although the initial launch of the Frequency of Inherited Disor-
ders database (FINDbase) included some basic data visualization
functionality [10], the recently upgraded version does allow data
querying to be coupled to data visualization [11]. In this work, we pre-
sent the development and implementation of an interactive web-based
data visualization and querying tool for FINDbase, which allows users
to combine large groups of similar elements and identify hidden
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meets one of the signiﬁcant challenges of large and complex datasets,
that is the effective presentation of and interaction with the data.
More speciﬁcally, we have built an elegant, web-based multimedia
web front-end, based on a software tool launched byMicrosoft, namely
the PivotViewer [12], in order to support a high level visualization of
the data collection and the mining process. It supports dynamic data
visualization, sorting, organization and categorization. A different visual
encoding is provided for each gene and population aiming to facilitate
the population-based mutation data collection and retrieval. Addi-
tionally to the PivotViewer, there is also an alternative visualization
querying interface based on the Flare visualization toolkit [13], provid-
ing two extra visualization types of the underlying data collection,
namely the Gene and Mutation Map and the Mutation Dependency
Graph and allowing users to query mutation distributions and correla-
tions among populations. The FINDbase is the ﬁrst effort to provide a
standardized visualization software for genetic databases, in the hope
of also providing a modern educational and diagnostic visualization
paradigm to the worldwide medical community.
2. Results
It is a common practice among health professionals and researchers
to collect the information related to their scientiﬁc research in large
spreadsheets which cannot provide the opportunity to explore, analyze
and understand data in a user-friendly way. As a result, there is an
imperative need to represent information in a visual form, enabling
them to drill down into the data and gain meaningful insights by
revealing underlying patterns and potentially previously unseen corre-
lations among large datasets. Taking this into consideration, we have
developed a data visualization environment for the FINDbase causative
mutation data collection, designed to provide users a much more
intuitive way to digest the large amounts of information without losing
their orientation — an idea that anyone who has analyzed extensive
spreadsheets may welcome.
The large volume and complexity of the FINDbase causative muta-
tions data collection as well as the numerous relationships betweenFig. 1. FINDbase card item: (A) A card represents a single variant in the underlying collection oc
genetic variant, such as the disease name and themutation description, a chromosomal depicti
information panel appears when users zoom-in on a card providing in-depth information abou
clicking on the card, by using the zoom slider in the upper right corner of the PivotViewer frame
speciﬁc card is selected, otherwise it disappears.the data make it hard for researchers to maintain a global view of the
whole dataset. Driven by the need to help scientists obtain a broader
picture of the underlying datasets and concurrently identify and extract
the valuable knowledge that lies in them, we have given special atten-
tion to the development of the data and querying visualization. Our
primary objective was to give researchers an active role in the querying
process allowing them to interact directly with the huge amount of the
available data in an intuitive and meaningful way.
On this basis, we have built a visualization tool providing two basic
querying interfaces that rely on the following visualization approaches:
(a) themain interface, based on the PivotViewer and (b) the alternative
interface based on the Flare Visualization Toolkit. Both enable users to
see data under many different perspectives by providing multiple
views and thus gain a better assessment and understanding of them.
Moreover, they offer users the possibility to zoom-in from the extensive
FINDbase datasets to particular gene-speciﬁc, genome variation-
speciﬁc and/or population-speciﬁc data. This way the user can detect
the links between distant data items and handle them in a way that
intuitively reﬂects their semantic proximity. Any user can perform a
query based on a variety of ﬁltering criteria which allows him to see
speciﬁc genetic variants and to further zoom into a particular popula-
tion. It is noteworthy here that while a user experiments with different
querying scenarios, this may sometimes result in his making incidental
discoveries of potentially high biological importance.
During our experiments, we have found very interesting querying
scenarios producing visualizations which turn out to be very insightful
presenting information previously undiscovered. In the following para-
graphs, some such indicative examples based on the provided querying
interfaces are presented.
2.1. PivotViewer visualization tool
The form of a card (Fig. 1A) is used for the description of each geno-
mic variant, in order to provide a more human-centric visualization
approach. This card consists of a chromosomal depiction of the gene
location (derived from GeneCards [14]) combined with a sidebar infor-
mation panel (Fig. 1B). The panel provides in-depth informationcurring in a speciﬁc population. The card consists of the gene name, information about the
on of the gene location and a ﬂag corresponding to the particular population. (B) A sidebar
t the card currently selected. Users can zoom in or out of a card in the following ways: by
and by using the zoomwheel on theirmouse. The information panel is visible onlywhen a
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when users zoom-in on the card.
The entire FINDbase causativemutation data collection, as produced
by PivotViewer, is shown in the following ﬁgure (Fig. 2A). A data ﬁlter-
ing panel (displayed on the left side; Fig. 2B) is available providing a
variety of ﬁltering criteria to be applied on the underlying data collec-
tion. FINDbase PivotViewer application enables users to smoothly and
quickly explore the underlying datasets and include or exclude speciﬁc
items by applying ﬁlters, whereas they can simultaneously change the
way the resulting set of cards (depicting each genetic variant) is
displayed by choosing between the grid and the graph view (by clicking
on the corresponding button; Fig. 3; highlighted areas).
This way, users can sort, organize and categorize data dynamically
according to common characteristics that can be selected from the
data query menu and then zoom-in for a closer look, by either ﬁltering
the collection to get a subset of information or clicking on a particular
card. Allowing users to focus on a speciﬁc area or zoom-out to have
an overall view of the data enables them to uncover short or long-
distance relationships. Moreover, hyperlinks for each gene name to
theOMIM [15] andHGMD [16] databases offer direct access to additional
information.
By exploiting the above functionalities, users have the opportunity
to experiment with different gene/mutation/population-speciﬁc
scenarios whichmay guide them to discover new trends previously un-
seen. Users can also perform compound queries. Such an example
would be the query of rare pathogenic mutations with frequencies
from 5% to 30% in the Israeli population, sorted by the gene name. The
query returns 19 alleles for six genes, namely CFTR, FANCA, GBA, HBB,
HEXA, and MEFV (Fig. 4), which can be further separated according to
either the Arab or the Askenazi Jewish ethnic group (Fig. 4; highlighted
area).
2.2. Flare visualization tool
FINDbase data collection can also be presented in two more alter-
native representations namely the Gene and Mutation Map and the
Mutation Dependency Graph.Fig. 2. FINDbase data collection: (A) The entire FINDbase causative mutation data collection,
variation of the collection. (B) Aﬁltering panel is available to theusers containing several catego
querying scenario. Users can apply a ﬁlter by selecting the check box of the corresponding cate2.2.1. Gene and Mutation Map
The Gene and Mutation Map is based on a treemap. A treemap is an
easyway of analyzing large amounts of data in a small space. Introduced
by Ben Shneiderman in 1991 [17], treemaps are a space-ﬁlling approach
of showing hierarchies in which the rectangular screen space is divided
into regions, and then each region is divided again for each level in the
hierarchy.
The FINDbase Gene and Mutation Map presents a treemap of muta-
tion frequencies estimated for each population. Each rectangle repre-
sents a population's mutation and a speciﬁc color corresponds to each
population. The area covering each node encodes the frequency of
rare alleles. Each time the user clicks on a node, the occurrence of
the selected mutation is shown over all populations. Moreover, when
a user hovers the mouse over a rectangle, the Gene and Mutation Map
displays additional information pertaining to the selected mutation
such as the population, the gene name, themutation, and themutation's
frequency.
The Gene and Mutation Map can provide a visual depiction of the
distribution of mutations per population (Fig. 5A), while it can also
provide information for the allele frequencies per population and the
occurrence of a speciﬁc mutation over all populations.
A typical query example is shown in Fig. 5B, where the user queries
for the occurrence of the HBB: c.315+1 G>A, a mutation leading to
β-thalassemia. The graph indicates that this causative mutation is
more prevalent in the European and the Middle-East populations.
By contrast, the HBB: c.124_127delTTCT mutation, is more prevalent
in the populations of South-East Asia, where it reaches particularly
high frequencies, as shown in Fig. 5C.
2.2.2. Mutation Dependency Graph
The Mutation Dependency Graph visualizes the dependencies
taking place among populations based on a selected mutation. Popula-
tion names are placed along a circle. A link between populations indi-
cates that they have in common the same mutation. When a user
hovers themouse over a speciﬁc population, the corresponding incident
links are highlighted. Red links show all the populations that are associ-
ated with the selected mutation. By clicking on a speciﬁc population,as produced by PivotViewer, is a set of cards each one representing a particular genetic
ries that can be used to include or exclude speciﬁc cards and to help users apply a particular
gory. Compound ﬁltering is possible through the application of multiple ﬁlter categories.
Fig. 3. The grid and the graph view: The PivotViewer enables users to modify the sort order of the displayed set of cards changing from grid view to graph view by clicking on the
corresponding button (highlighted areas). Users can see different sort order effects based on whether the PivotViewer is in the grid or the graph view. (A) The grid view displays all
card items in a single group, arrayed from left to right, top to bottom in ascending order, based on the order category chosen. (B) The graph view organizes the data in a columnar
format that allows for qualitative comparison. All card items are sorted into separate groups and displayed in several discrete sets resembling a bar chart. By picking one of these
groups, users can ﬁlter out the other groups and redistribute items within the selected group. If there are more values than can be displayed conveniently, then aggregated groups
are formed and the label indicates the ﬁrst and last value in that group. By clicking one of these aggregated groups, the other groups are ﬁltered out and the items in the selected
group are redistributed with new labels or aggregate labels.
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concerning the selected mutation.
An example of use of this visualization functionality is the presence
of a speciﬁc mutation in different populations as demographic evidence
for their inter-dependencies. For instance, querying for the occurrence
of the c.124_127delTTCT mutation leading to β-thalassemia shows
that it is present only in South-East Asian and the British populations,
most likely as a result from large population subgroups from Pakistan,
India, Taiwan, etc. in the United Kingdom. Similarly, as far as the com-
monest CFTR gene mutation p.508delF is concerned, it is evident that
this mutation is predominant in the European populations (Fig. 6A).
Also, the same is true for the c.1677delTAmutation that is almost exclu-
sively present in European populations (Fig. 6B,C).
It becomes apparent from the aforementioned that such dynamic
visualization tools could be used for studying human demographic
history, draw conclusions on the origin of speciﬁc mutations, stratifying
molecular diagnostic services to minority groups (for instance patients
from Pakistan and India in the UK).3. Discussion
In this work, we present the integration of a novel visualization
tool within the FINDbase 2.0 version in an attempt to provide a
state-of-the-art data and querying visualization environment for
population-based mutation data collection and retrieval. Our primary
goal is to offer a robust and stable tool oriented to support and broad-
en multidisciplinary knowledge among the scientists worldwide. Lack
of detailed disease and phenotypic descriptions for each genetic var-
iant and links to relevant patient organizations, are a number of deﬁ-
ciencies that if addressed, would allow NEMDBs to better serve the
clinical genetics community. To this end, the ﬁrst efforts begun by
several groups, including ours, have yielded some promising results
[18].
In the near future, we are planning to experiment onmore querying
and alternative visualization types and techniques able to manipulate
multidimensional data, in order to create a global visualization frame-
work allowing users to conduct multifaceted comparative studies of
Fig. 4. PivotViewer query example: Query output screen for retrieving the rare pathogenic mutations with frequencies from 5% to 30% in the Israeli population, sorted by the gene
name. The query returns 19 alleles for six genes, namely CFTR, FANCA, GBA, HBB, HEXA, andMEFV, which can be further separated according to either the Arab or the Askenazi Jewish
ethnic group (highlighted area).
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PivotViewer technology since it poses limitations on the number of
the displayed source items of a collectionwith an upper limit of approx-
imately 6000 data items. The FINDbase data collection includes about
4000 mutations at the moment, but, as our collection grows, we are
trying to ﬁnd solutions to overcome this limit. An alternative would
be to use Linked Collections which can handle much larger and fre-
quently updating data sources and the size limit is unbounded. Having
a big collection of 60,000 items for example, one can create 10 simple
collections with 6000 items each and then create a Linked Collection
that will be a superset of the 10 small ones. We are also planning to
use HTML 5 instead, for the visualization, not only of the PivotViewer
but of thewhole web application, since HTML 5 tends to become a stan-
dard for the development of Web multimedia applications in the near
future.
In addition, since the volume of data produced in biomedical re-
search is growing exponentially, we intend to incorporate data min-
ing techniques to further enhance and automate the discovery of
valuable information hidden in large biological datasets. As the explo-
ration and the analysis of the vast amounts of data become increas-
ingly difﬁcult, information visualization in conjunction with data
mining techniques can help to deal with the ﬂood of information.
More speciﬁcally, for data mining to be effective, it is important to in-
clude the human in the data exploration process in order to utilize the
ﬂexibility, creativity and perception abilities of the human mind. At
this point, the visual data exploration allows the user to be directly in-
volved in the data mining process and maintain a global view of large
datasets. Visualization in data mining is a novel and promising ap-
proach for data explanatory analysis, known as visual data mining
emerged from the technological coupling of automated data mining
algorithms and visualization techniques. The utilization of both auto-
matic analysis methods and human perception promises more effec-
tive inspection, understanding and interacting with huge data
collections.
The incorporation of artiﬁcial intelligence methods is also an idea
towards the development of an automated pattern extraction mecha-
nism. Moreover, the expansion of this tool on the pharmacogenomics
marker FINDbase data collection is on the top of our priority list as
well as the data exposure through web services based on the
oDataprotocol [19].4. Materials and methods
FINDbase is a web application, recording allele frequencies of causa-
tive genetic variations and pharmacogenomic markers, at a summary
level [20], in various populations worldwide. The database contents
are public and there are no registration requirements for data querying.
FINDbase can be accessed at: http://www.ﬁndbase.org.
4.1. System architecture and database structure
The underlying structure of FINDbase is a relational database devel-
oped with Microsoft SQL Server, a ﬂexible software product offering
advanced capabilities in database development, manageability, and
data warehousing. Database records on which the application is based
include the population and ethnic group and/or the geographical re-
gion, the disorder name and the related gene name and its variation pa-
rameters, as well as the rare allele frequencies, accompanied by links to
the respective OMIM and the HGMD databases. More speciﬁcally, the
overall database schema is depicted in the following ﬁgure (Fig. 7).
The overall systemarchitecture is based on a three-tier client–server
model. The user interface, the functional process logic (“business
rules”), the computer data storage and the data access are developed
and maintained as independent modules. It comprises three main
components: the client application, the application server and the data-
base server. The three-tier architecture is intended to allow any of the
three tiers to be upgraded, or replaced independently, in response to
changes in requirements or technology. The client application contains
only the presentation logic. As a result, less resources are required on
the part of the client workstation and no client modiﬁcation is needed
if database location changes. Changes to business logic are automatically
enforced by the server and possible future changes are restricted to the
application server software that will have to be installed. The three-tier
architecture is a robust model, ﬂexible enough to aggregate multiple
information sources and integrate modular development [21].
4.2. Technologies used
4.2.1. PivotViewer
FINDbase queries can be performed utilizing the PivotViewer con-
trol [22], a Silverlight web browser plug-in. Microsoft Silverlight is an
Fig. 5. The Gene and Mutation Map: (A) The Gene and Mutation Map provides a visual depiction of the distribution of mutations per population, while it can also provide information
for the allele frequencies per population and the occurrence of a speciﬁc mutation over all populations. (B) Display of the occurrence of the HBB: c.315+1 G>A, a mutation leading to
β-thalassemia. The query indicates that it is more prevalent in the European and theMiddle-East populations. (C) Another sample query for the occurrence of theHBB:c.124_127delTTCT
shows prevalence in Asian populations.
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tions, with features and purposes similar to those of Adobe Flash.
PivotViewer was used to implement the main querying interface,
since it leverages Deep Zoom [23] which is the fastest, smoothest,
zooming technology on the Web. As a result, it displays full, high-
resolution content without long loading times, while the animations
and natural transitions provide context and prevent users from
feeling overwhelmed by large quantities of information. The PivotViewerenables users to interact with thousands of objects at once, and sort and
browse data in a way that helps them see trends and quickly ﬁnd what
they are looking for.
4.2.2. Flare visualization toolkit
FINDbase queries output can also be visualized using an alternative
interface based on the Flare Visualization Toolkit. Flare is an open-
source library written in ActionScript 3 [24], an object-oriented
Fig. 6. The Mutation Dependency Graph: (A) Query formulation for the occurrence of the CFTR gene mutation p.508delF. The generated graph shows that it is predominant in the
European populations. (B–C) Similarly, the query output for the occurrence of the c.1677delTA CFTR gene mutation.
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Fig. 7. Depiction of the FINDbase database schema.
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Adobe Flash Player. Including a wide variety of features, ranging from
basic charts to complex interactive graphs, it supports data manage-
ment, visual encoding, animation, and interaction techniques. Flare is
a Flash version of its predecessor Prefuse [25], a visualization toolkit
for Java. Instead of creating Java applications with complex visualiza-
tions, Flare offers the ability of developing thin-client, web-based and
rich interactive experience environments. It has already been used in
many well-known web-based visualization applications such as the
Many-Eyes website [26], built by the IBM Visual Communication Lab,
for user-contributed data visualization as well as the BBC SuperPower
website [27] for mapping the top 100 sites on the Internet.
We have utilized the Flare to implement two alternative representa-
tions of the underlying data collection, namely the Gene and MutationFig. 8. Data entry prMap (see Section 2.2.1) and the Mutation Dependency Graph (see
Section 2.2.2). They are implemented as Flash applications using the
Adobe Flex platform and the Flex 3.6 software development kit, in
order to be compatible with a wide variety of operating systems and
browsers. The underlying data structures and functionalities have
been implemented in ActionScript 3 and the Flex component library
has been used to exploit its advanced capabilities. Our decision to use
Flash as our platform was due to the fact that it is nearly ubiquitous
on a variety of internet-enabled desktop as well as mobile operating
systems.
The FINDbase data collection is composed of approximately 3000
entries. As a result, data preprocessing was a crucial step in our pro-
ject in order to reduce the loading time which plays an essential
role in a web-based application running on a personal computer.ocess diagram.
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language receives as input the FINDbase dataset and outputs a data
ﬁle that contains all the necessary relationships. This results in signif-
icantly lower response times and faster loading as well.4.3. Administration environment
The administration environment of FINDbase is another aspect of
great importance. Researchers all over the world can concurrently
contribute their data and thus FINDbase can become a worldwide up-
to-date and comprehensive variation data repository. Moreover, the
multiple information ﬂows coming from different data submitters will
improve the overall database quality and speciﬁcally data accuracy.
FINDbase supports multiple user proﬁles, providing scaled access to
the information with users divided into four main groups according to
their access rights, namely administrators, national coordinators, cura-
tors and advisors, as well as simple users.
Administrators have full access rights to all database functionalities
and data. They are responsible for the activation of user accounts, and
are assigned data entry and modiﬁcation rights. One level below in
the hierarchy, the national coordinators have data entry and modiﬁca-
tion rights, and canperformdata re-allocation to another advisor/curator
belonging to the country that they are in charge of. National coordinators
are also responsible for managing the overall construction and mainte-
nance of a NEMDB, contributing to FINDbase. Advisors and curators
have data entry and modiﬁcation rights only for those data entered by
themselves and under no circumstances can they alter data entered
by another advisor/curator. If an advisor/curator wishes to end his in-
volvement in FINDbase, their data will be allocated to another curator
who will then be responsible for their curation.
Data entry and modiﬁcation in FINDbase is possible only for regis-
tered users. The last few months, we have redesigned the data entry
page in an effort to make it more user-friendly. Data entry is con-
ducted via uploading an Excel spreadsheet and the subsequent auto-
matic extraction of the data from the spreadsheet into the system.
More speciﬁcally, the data entry process is based on the roles hierar-
chy and is depicted in the following diagram (Fig. 8). When an advi-
sor/curator uploads an Excel spreadsheet, the submitted data are
temporarily stored into the system (they are not displayed by the
visualization tools until after the administrator's or the national
coordinator's approval). During the uploading stage, an automatic
process that runs in the background performs validation rules on the
submitted data to verify that they conform to the appropriate data
types. When error values are detected, the system notiﬁes and pro-
mpts the user to correct them in order to complete the uploading pro-
cess. Upon successful submission, the administrator and the national
coordinator corresponding to the country of the advisor's/curator's or-
igin are automatically notiﬁed to review the data submitted against
certain content criteria (minimum number of chromosomes studied,
justiﬁcation of data submission, statistical analysis of the ﬁndings
and means of genotyping). In particular, they have full access to all
the uploaded data according to their privileges and can modify them
when it is necessary. They are responsible for the identiﬁcation and
correction of any data discrepancies in order tomaintain data accuracy
and uniformity. Furthermore, a control for the detection of similar or
duplicate entries is available. Each time this happens, the appropriate
user is notiﬁed and can select the correct entry to be published in the
whole visualization environment. Once the data are approved, they
become part of the main FINDbase data collection.Acknowledgments
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